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Insects have numerous positive interactions with plants. They disperse fruit, pollinate flowers and protect plants from herbivores (Bronstein & Barbosa 2002) . However, some groups of insects, such as Coleoptera, Hymenoptera, Diptera, Lepidoptera and Thysanoptera, are seed predators and the harm these organisms cause often decreases the success of seed germination in different ecosystems (Link & Costa 1995; Zhang et al. 1997) . Most insects are considered generalists and the seeds of many plant species are attacked by a diversity of insects. However, some plants have only one species of seed predator (Zhang et al. 1997) and this interaction may benefit the plants by breaking the dormancy of seeds that have a hard coat (Takakura 2002) .
Seed predation occurs in both the pre-dispersal and postdispersal periods (Zhang et al. 1997) . Thus, fruit and seeds from the same plant can serve as food sources for different animals both before and after seed dispersal (Johnson & Romero 2004) . Predation in the pre-dispersal period is commonly associated to mortality of seeds that do not complete their development stages (Zhang et al. 1997) . Moreover, after dispersal, some insects consume seeds on the soil surface or buried seeds that form the soil seed bank. Thus, both predispersal and post-dispersal seed predation increase seed mortality rates (Hulme & Borelli 1999) .
Most pre-and post-dispersal seed predators belong to the Insecta and beetles of the subfamily Bruchinae (Coleoptera, Chrysomelidae) have the highest number of species associated to fruits and seeds (Johnson & Romero 2004) . Bruchine larvae feed and live in the seeds of about 35 families of plants, with about 85% of the host records in Leguminosae, whereas 4% are in Arecaceae, 4% in Convolvulaceae and 2% in Malvaceae (Johnson 1981; Johnson & Romero 2004) . The remaining 5% are in other families of host plants (Johnson 1981) . Bruchine beetles require only one seed to complete development and the choice for the largest seeds is related to the amount of resources necessary to the survival of the insect (Janzen 1969) . Thus, the production of small seeds may be a plant adaptation to reduce seed predation and ensure the success of seedling establishment (Lomônaco 1994; Harms & Dalling 2000) .
The aims of the present study were to identify the entomofauna associated to the fruits and seeds of two species of Enterolobium Mart. (Leguminosae) that have seeds with different sizes [Enterolobium contortisiliquum (Vell.) Morong and Enterolobium timbouva Mart.] and to determine the relationships among insects and the possible harm and/or benefit stemming from these associations. Specifically, it was evaluated (1) fruit infestation; (2) the percentage of seeds in different categories; (3) the abundance and richness of insects; (4) their emergence from the host fruit and (5) the consumption and (6) germination of predated seeds.
MATERIAL AND METHODS
The present study was conducted with fruits from two leguminous species collected in the state of Pernambuco, in northeastern Brazil. According to Queiroz (2009) The aims of the present study were to identify the entomofauna associated to the fruits and seeds of Enterolobium contortisiliquum (Vell.) Morong and Enterolobium timbouva Mart. (Leguminosae), as well as to determine relationships among insects and the possible harm and/or benefit stemming from these associations. Fruit infestation was evaluated and the insects were identified. Seed consumption (%) and the germination of predated seeds (%) were determined. The fruits of E. contortisiliquum exhibited a high percentage of infestation (91%). The most representative species in the fruits were Lophopoeum timbouvae Lameere, 1884, Merobruchus bicoloripes (Pic, 1930) and Stator limbatus (Horn, 1873) . In the fruits of E. timbouva, only one species was found (S. limbatus). E. contortisiliquum seed consumption was proportionately higher (55.2%) to that of E. timbouva (15%). The germination of predated seeds from E. contortisiliquum was null, whereas 40% of predated seeds from E. timbouva germinated.
KEYWORDS. Bruchinae; Cerambycidae; Coleoptera; insect-plant interactions; seed predation. Entomofauna associated to fruits and seeds of two species of Enterolobium: Harm or benefit? with continuous distribution from Central to South America. In Brazil, most species occur in nearly all states and grow as trees more than 20 m high (Queiroz 2009 ). Fruits from E. contortisiliquum, which is locally called "orelha-de-nego", were collected from 10 adult plants growing in the municipality of Pesqueira (08°20'S, 36°46'W; altitude: 1050 m), which has an average annual temperature and rainfall of 22.4°C and 662 mm, respectively (LAMEPE/ITEP 2010).
Fruits from E. timbouva, locally known as "timbaúva", were collected from 10 trees growing in the municipality of Alagoinha (08°27'S, 36°46'W; altitude: 762 m), which has an average annual temperature and rainfall of 21.6°C and 597 mm, respectively (LAMEPE/ITEP 2010).
Fruit infestation and seed categories. In the period of fruit production (last quarter of the year), 200 fruits were collected from each leguminous species per year from 2002 to 2004. For the assessment of fruit infestation (%), 300 fruits from each species, collected over the three-year period (n = 100 fruits per year), were randomly chosen for signs of predation (insect emergence aperture) on fruits and seeds. Moreover, the seeds were classified into four categories: intact seed, aborted seed, predated seed and seed contaminated by fungi. Intact seeds were those with normal development (nonaborted seed) and no injuries caused by microorganisms. Predated seeds were those with an emergence aperture, indicating the presence of larvae, pupae or adult insects inside (Lomônaco 1994) . The chi-square test was used for the comparison of the percentage of intact fruits versus infested fruits for each species. Two-way analysis of variance (ANOVA; category and year) with Tukey's a posteriori test was used to compare seed categories for both species over the three-year period.
Entomofauna identification and insect emergence. The entomofauna present in the fruit and seeds of both species collected in 2004 were identified and immediately isolated in plastic bags (25 x 15 cm) upon collection. Fruits were opened at 10-day intervals (10 fruits, 10 times, and totaling 100 fruits from each species) for the identification of the entomological groups inside and the observation of insect instars. All analyses were performed under ambient conditions. The number of emergence apertures in each infested fruit and seed were recorded. Insects were initially identified at the family level and species identification was performed by Dr. Renato C. Marinoni and Dr. Norma G. Ganho (Cerambycidae), Dr. Cibele S. Ribeiro-Costa (Chrysomelidae), Dr. Inara R. Leal (Formicidae), Dr. Ayres Menezes Junior (Braconidae). All specimens were incorporated to the Coleção Entomológica da Universidade Federal de Pernambuco (CE -UFPE), Brazil. Following the identification of the species, the abundance and richness of the insects were recorded.
One hundred fruits from each species (also collected in 2004) were used for the observation of insect emergence from the hosts. These fruits were divided into 10 samples and kept in boxes with lids. The emergence of adults at 7-day intervals over a 12-month period was observed. All fruits were then opened to determine the occurrence of insects.
Consumption and germination of predated seeds.
To evaluate the consumption of resources necessary to complete the larval stage, both predated and intact seeds (n = 100 seeds from each seed category, divided into 10 samples) were used. The seeds were weighed using an analytical scale (HR200, A&D Company Limited, Japan) and kept in incubators (Incubator 315SE, FANEM, Brazil) at 103°C until complete dehydration (Brasil 2009) . The seeds were then re-weighed and the dry biomass values were recorded. Insect consumption (%) was determined by the difference in biomass between intact and predated seeds (Santos et al. 1994) .
Seeds were sowed in trays containing soil as substrate (100 predated seeds from each species placed in 5 trays) to evaluate the germination of predated seeds. The trays were kept in a greenhouse for a 60-day period with daily water supply. Intact seeds (chemically scarified by 30-minute immersion in sulfuric acid) were used as control. Seedling emergence was the criterion for germinated seeds. Germination was daily recorded and the data from each species were arcsine transformed and compared by using the Student's t-test (Ranal & Santana 2006) .
Data were expressed as mean ± standard deviation (SD) values. The Shapiro-Wilk and Levene tests were used to test for normal distribution of the data and homogeneity of the variances, respectively. All statistical analyses previously described were carried out using the STATISTICA 7.0 program, with the level of significance set at 0.05 (Zar 1999) .
RESULTS
Fruit infestation and seed categories. In E. contortisiliquum, there were significantly more infested fruits than intact fruits ( The same pattern was found in the seed categories for both species (E. contortisiliquum: F = 3.541, df = 3, p = 0.0743; E. timbouva: F = 9.463, df = 3, p = 0.2539). However, significant differences were found among seed categories for each species (E. contortisiliquum: F = 8.771, df = 3, p = 0.0122; E. timbouva: F = 12.128, df = 3, p = 0.0021). A high percentage of intact seeds were found in the fruit of both species (Figs.  2A, 2B ). There were also a high percentage of predated seeds from E. contortisiliquum ( Fig. 2A) and aborted seeds from E. timbouva (Fig. 2B) . Furthermore, E. contortisiliquum seeds were more contaminated by fungi (Fig. 2A) .
ing to the orders Coleoptera (123 specimens), Hemiptera (1 specimen), Hymenoptera (31 specimens) and Lepidoptera (4 specimens). Among the beetles, two families were very frequent: Cerambycidae and Chrysomelidae (Table I ). In fruits from E. timbouva, only 16 specimens were found (0.16 ± 0.09 insect.fruit -1 ), all from the same order (Coleoptera). The insect with the greatest frequency of occurrence in the fruits from E. contortisiliquum was Lophopoeum timbouvae Lameere, 1884 (Coleoptera, Cerambycidae, Lamiinae). This species accounted for 57.9% of the insects found in the fruits and occurring in 56% of the fruits, with representatives from the different development stages (larva, pupa and adult). The subfamily Bruchinae was represented by the occurrence of two species-Merobruchus bicoloripes (Pic, 1930) and Stator limbatus (Horn, 1873)-the former species being found in all infested fruits from E. contortisiliquum. All emergence apertures in the fruits of E. contortisiliquum were related to the species M. bicoloripes. In 35% of the fruits, representatives of M. bicoloripes were still found in the pupal chamber. Moreover, 2.4 ± 1.5 emergence apertures were found per infested fruit (mean ± standard deviation), ranging from a minimum of zero (intact fruit) to a maximum of eight apertures, indicating the presence of up to eight individuals of M. bicoloripes feeding on the seeds of a single fruit. On the other hand, the oviposition of S. limbatus occurred directly on the seeds, all of which exhibited emergence apertures made by this species, with a mean of 5.2 ± 1.9 apertures per seed in the seeds of E. contortsiliquum (n = 5 seeds) and 8.9 ± 2.1 in the seeds of E. timbouva (n = 20). All individuals of S. limbatus were found either within the seeds or leaving the seeds immediately after being removed from the fruits. These individuals were found in 2 and 12% of the fruits from E. contortisiliquum and E. timbouva collected in 2004, respectively.
Wasps from the genus Heterospilus Halliday (Hymenoptera, Braconidae, Doryctinae) were found in 40% of the fruits from E. contortisiliquum. Together with ants, they made Hymenoptera the order with the second greatest frequency of occurrence in the fruits. In all fruits in which the occurrence of Heterospilus sp. wasps was observed, representatives of the cerambycid L. timbouvae were found in the larval stage and emergence apertures of the bruchid M.
Entomofauna identification and insect emergence.
A total of 175 specimens of Insecta associated to the fruit of Enterolobium were found. The abundance and species richness of insects found in the fruit and seeds of E. contortisiliquum were significantly higher than those found in E. timbouva (Table I) . Insects from four different orders were found in the fruits of the former species and only a single species of insect in the fruits and seeds of the latter species (Table I ). In fruits from E. contortisiliquum, 159 insects in different stages of development were found (1.59 ± 2.16 insect.fruit bicoloripes were also found in these fruits. No wasps were found in intact fruits, even those with larvae of the cerambycid in their interior. Among the Dolichoderinae (Formicidae), individuals of Tapinoma melanocephalum (Fabricius, 1793) were also found in the fruits from E. contortisiliquum that exhibited emergence apertures made by the species M. bicoloripes (Table I) . No emergence of any insect was observed in the fruits from E. timbouva during the 12 months of observation. After this period, the fruits were opened, revealing an absence of insects within them. On the other hand, three species of insects emerged from the fruits of E. contortisiliquum that were under analysis: L. timbouvae, M. bicoloripes and S. limbatus, at a proportion of 1:0.5:0.1, respectively. The insects began to emerge on the first day of the experiment and their emergence was accompanied throughout the third month of observation. After 12 months, the fruits were opened and, in the interior of intact fruits (with no emergence apertures), there was only the presence of live adults of the species L. timbouvae (n = 27 individuals), which did not emerge during the observation period.
Consumption and germination of predated seeds. E. contortisiliquum seed consumption by insects accounted for more than the half seed biomass. This high consumption is mainly related to the consumption on the part of bruchids (M. bicoloripes). The low biomass of consumed seeds from E. timbouva was due to the occurrence of only one small bruchid (S. limbatus) (Table II) .
find different niches during their development, but most species complete development by forming galleries within the stem of woody plants (Marinoni et al. 2001 ). Insects from Chrysomelidae use different parts of plants as food sources, such as leaves, stems, roots and flowers (Marinoni et al. 2001) . Moreover, the development of bruchine beetles (Chrysomelidae, Bruchinae) is associated with seeds from angiosperms (Johnson & Romero 2004) .
In the present study, L. timbouvae had the highest frequency of occurrence. Specimens of this species were found even within intact fruits, with no emergence aperture on the exocarp to indicate their presence within. This cerambycid forms galleries and feeds on the mesocarp; the consumption of this organ is different than that expected for the ecological niche of Cerambycidae. Intact fruits with L. timbouvae in different stages of development (40% of intact fruits) had seeds with no signs of consumption by the insect, which suggests that this species does not use seeds as a food source. Furthermore, galleries were observed along the margin of the fruit and the mesocarp was completely consumed when more than three insects inside the fruit were encountered. According to Di Iorio (1995), these cerambycids are commonly found in the fruits of E. contortisiliquum and their larvae can partially or completely devour seeds (Santos et al. 1994; Di Iorio 1995) . However, consumption is proportionately low (2.26%) when compared to all predated seeds (Santos et al. 1994) . Link & Costa (1995) state that the larvae from this species feed on and damage the seeds as well as other bruchine larvae that live within the fruit. Thus, seed consumption by these larvae may be related to the density of individuals within the same fruit as well as to the availability of food sources for these insects.
In addition to insects from Cerambycidae, bruchine beetles were also frequent in fruits of Enterolobium. According to Johnson & Romero (2004) , there are three oviposition guilds of Bruchinae that feed on seeds from Leguminosae and two of these guilds were found in the present study. Some species lay eggs on fruits while they are attached to the parental plant (as observed in M. bicoloripes). However, there are species that only oviposit on seeds exposed in dehiscent fruits while still on the plant (as observed in S. limbatus), whereas other species only oviposit on seeds exposed on the substrate (Johnson & Romero 2004) .
In this study the life cycle of M. bicoloripes were followed and females were observed ovipositing on the fruit surface. After the development period, the larva hatches from the egg and starts looking for the resource to complete its life cycle. As observed in the present study, seed consumption accounted for more than 50% of the seed biomass and strongly impeded the germination of predated seeds. Upon completing its development, the adult individual emerges from the fruit through the same aperture used by the larva for entering, leaving it open and allowing the entrance of other individuals that interact with the seeds and other insects in the fruits.
Unlike the bruchine M. bicoloripes, which feeds largely on the reserve of the seed, including its embryo, the bruchine S. limbatus is a small insect (approximately 1.5 mm; Morse & The germination of predated seeds from E. contortisiliquum was null. On the other hand, predated seeds from E. timbouva (the consumption of which was proportionately lower) germinated and formed normal seedlings, although germination was significantly reduced (t = 2.675, df = 8, p = 0.0329, Table II ). The predated seeds that germinated did not need any pre-germination treatment for breaking dormancy due to the insect emergence aperture.
DISCUSSION
Most insects found in the present study belonged to Chrysomeloidea and species from this superfamily diverge in relation to food habits (Marinoni et al. 2001) . Cerambycidae Farrell 2005) and, as seen in the present study, consumes a very small amount of the seed. Thus, the occurrence of this insect may be beneficial to the plant, as the predated seeds, which previously exhibited tegument dormancy, were able to germinate after being partially consumed by the insect. The occurrence of bruchine beetles from this genus in the interior of fruits of Enterolobium has also been reported by Johnson (1982) and Siemens & Johnson (1996) in the species Enterolobium cyclocarpum (Jacq.) Griseb. Individuals from the species Stator generalis Johnson & Kingsolver, 1976 have been observed in oviposition guilds related to the egg laying in the tegument of the seeds (Johnson 1982; Siemens & Johnson 1996) , which is similar to that found in the fruits from E. contortisiliquum and E. timbouva. According to the authors, the number of seeds in an ecosystem may affect the oviposition of this species and the number of eggs found on each seed. Moreover, a greater number of eggs on the seeds may cause a loss of viability (Johnson 1982; Siemens & Johnson 1996) . Thus, the benefit offered by the species S. limbatus (overcoming of tegument dormancy of seeds from Enterolobium spp.) should be interpreted with caution, as the present study demonstrated that the final percentage of germination of the legume studied was significantly reduced due to consumption by this bruchine beetle.
Along with representatives from the order Coleoptera, wasps from the family Braconidae were well represented in the samples of fruits from E. contortisiliquum. As seen during the analyses, L. timbouvae were found in all fruits in which the wasps occurred. This association suggests a relationship of parasitoidism, in which the wasps oviposit on the larvae of the cerambycid. Five larvae of L. timbouvae were found in decomposition with wasp larvae within them. Moreover, the interaction between these insects was provided by the bruchine M. bicoloripes, which made possible the access to the larvae of the cerambycid upon opening the emergence aperture made by its own larvae. The relationship of parasitoidism may be favorable to the plant, as an increased percentage of cerambycid larvae attacked by wasps may reduce seed predation.
In conclusion, the results of the present study demonstrate that species from the same plant genus have different fruit infestation patterns. Moreover, the presence of some insects in the fruit was associated with the previous occurrence of other species that consume fruits while they are attached to the parental plant. Thus, the entrance of these species is linked to the occurrence of insects that have the ability to penetrate the exocarp, which allows the interaction of other species and consequent harm and/or benefit caused by these insects.
